Air Quality Forecasts Using the NASA GEOS Model: A Unified Tool from Local to Global Scales by Liu, Junhua et al.
Global Modeling and Assimilation Office
gmao.gsfc.nasa.govGMAO
National Aeronautics and Space Administration
Air quality forecasts using the NASA 
GEOS model: A unified tool from local to 
global scales
K. Emma Knowland
(USRA/GESTAR, GMAO)
In collaboration with
GMAO:  Christoph Keller, J. Eric Nielsen, Clara Orbe, Lesley Ott, 
Steven Pawson, Emily Saunders
Atmospheric Chemistry and Dynamics Laboratory:  Bryan Duncan, 
Melanie Follette-Cook, Junhua Liu, Julie Nicely
1k.e.knowland@nasa.gov
https://ntrs.nasa.gov/search.jsp?R=20170012509 2019-08-30T16:42:12+00:00Z
Global Modeling and Assimilation Office
gmao.gsfc.nasa.govGMAO
National Aeronautics and Space Administration
Why we care about air quality
The Lancet Commissions
12 www.thelancet.com    Published online October 19, 2017   http://dx.doi.org/10.1016/S0140-6736(17)32345-0
therapy such as oral rehydration therapy;60 and improved 
nutrition of young children and pregnant women.61
By contrast, the numbers of deaths caused by ambient 
air, chemical, and soil pollution—the forms of pollution 
associated with modern industrial and urban 
development—are increasing. The number of deaths 
attributable to PM2·5 air pollution is estimated to have 
risen from 3·5 million (95% CI 3·0 million–4·0 million) 
in 1990 to 4·2 million (3·7 million–4·8 million) in 2015, a 
20% increase. Among the world’s 10 most populous 
countries in 2015, the largest increases in numbers of 
pollution-related deaths were seen in India and 
Bangladesh, as reported by the Health Eﬀects Institute. 
The increase in the absolute number of deaths and 
DALYs attributable to pollution reflects an increased 
population size, an ageing population, and increased 
levels of air pollution in low-income and middle-income 
countries.23
An analysis of future trends in mortality associated with 
ambient PM2·5 air pollution finds that, under a “business 
as usual scenario”, in which it is assumed that no new 
pollution controls will be put into place, the numbers of 
deaths due to pollution will rise over the next three 
decades, with sharpest increases in the cities of south and 
east Asia.35,121 These trends are projected to produce a more 
than 50% increase in mortality related to ambient air 
pollution, from 4·2 million deaths in 2015 to 6·6 million 
deaths in 2050 (95% CI 3·4 million–9·3 million).35,122 
These projections are corroborated by an analysis107 of the 
health eﬀects of coal combustion in China. Population 
ageing are major contributors to these projections of 
growth and absolute increased numbers of deaths from 
pollution-related disease.
A second analysis123 examining the potential benefits of 
reducing PM2·5 pollution projects that aggressive controls 
could avoid 23% of current deaths related to air pollution. 
However, because of population ageing and consequent 
increases in age-related mortality from cardiovascular 
disease, chronic obstructive pulmonary disease, and lung 
cancer, and also because the exposure–response 
association between PM2·5 pollution and non-
communicable diseases is relatively strong at lower levels 
of exposure but weaker at higher levels, Apte and 
colleagues124 note that it will be easier to achieve reductions 
in mortality in less heavily polluted areas of western 
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Convention on Mercury and has developed guidance for 
phasing out mercury-containing instruments in the health 
sector.120 Urgent attention by health departments and ministries 
is needed to address the phase out of import, export, and 
manufacture of mercury thermometers, sphygmomanometers, 
and other mercury-containing instruments in health care.
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(IARC) has the responsibility of determining whether 
chemicals are human carcinogens and conducts a range of 
research on cancer worldwide. IARC provides evidence-
based guidance on cancer control to countries around 
the world.
Figure 4: Global estimated deaths (millions) by pollution risk factor, 2005–15
Using data from the GBD study42 and WHO.99 IHME=Institute for Health Metrics and Evaluation.
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Figure 5: Global estimated deaths by major risk factor and cause, 2015
Using data from the GBD Study, 2016.41
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For the Health Effects Institute 
special report on the state of 
global air see https://www.
stateofglobalair.org
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attributable to PM2·5 air pollution is estimated to have 
risen from 3·5 million (95% CI 3·0 million–4·0 million) 
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growth and absolute increased numbers of deaths from 
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A second analysis123 examining the potential benefits of 
reducing PM2·5 pollution projects that aggressive controls 
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However, because of population ageing and consequent 
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disease, chronic obstructive pulmonary disease, and lung 
cancer, and also because the exposure–response 
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Figure 5: Global estimated deaths by major risk factor and cause, 2015
Using data from the GBD Study, 2016.41
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Why do we need models?  
Surface observations of pollutants are point source 
measurements which can be sparse. https://epa.maps.arcgis.com
O3
PM2.5
NO2
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Composition forecasting system (GEOS-CF)
Running since March 2017 (still in test mode)
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GEOS - FP
GEOS - CF
GEOS - Chem
• 1-day analysis 
• 5-day forecast
• O3, NOx, VOCs, PM ...
• c360 resolution (0.25°)
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Higher resolution critical to resolve 
features relevant to air quality
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Aerosols
Contributors to Air Pollution
Ø Particulate matter (PM):
• Organic Carbon
• Black Carbon
• Sea salt
Ø Ozone (O3)
Ø Nitrogen dioxide (NO2)
Ø Sulfur dioxide (SO2)
Ø Volatile organic compounds 
(VOCs):
e.g., Formaldehyde, Benzene, 
Toluene, and many more…GOCART
GEOS-Chem
Reactive gases
• Nitrate
• Sulfate
• Dust
6k.e.knowland@nasa.gov
Global Modeling and Assimilation Office
gmao.gsfc.nasa.govGMAO
National Aeronautics and Space Administration
• HAQI is a 
function of 
PM2.5, O3, NO2
Health Air Quality Index (HAQI or AQHI)
(Stieb et al., 2008, J. Air & Waste Manage. Assoc.)
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• HAQI is a 
function of 
PM2.5, O3, 
NO2
Health Air Quality Index (HAQI or AQHI)
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Health Air Quality Index (HAQI or AQHI)
ØPM2.5 driver of 
spatial gradients
monthly mean PM2.5 
[µg m-3]
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ØNO2 is Short-
lived  
ØExtreme 
gradients
Health Air Quality Index (HAQI or AQHI)
ØPM2.5 driver of 
spatial gradients
monthly mean NO2
[ppbv]
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Health Air Quality Index (HAQI or AQHI)
ØPM2.5 driver of 
spatial gradients
monthly mean O3 
[ppbv]
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ØNO2 is Short-
lived  
ØExtreme 
gradients
ØO3 influences 
Background 
levels
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OpenAQ surface observation data base
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Observations vs. Model Forecast
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Observations vs. Model Forecast
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OpenAQ surface observation data base
North America
Europe
Asia
Southern Hemisphere
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Surface O3 observations compared to GEOS CF
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Diurnal cycle of surface O3 is reproduced at the 
higher resolution
0.25º
2º
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It is a work in progress….
• Ongoing model evaluation / benchmarking
• Implement GEOS-Chem v11-02d
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Current GEOS-Chem version is known to have 
high surface O3
Fig. 3 Modelled (“HAL”) and observed median diel mixing ratio at Weybourne of O3, NOy,
NOx and CO during the observational period. Shaded regions give 25
th and 75th
percentiles.
Fig. 4 Probability distribution function of observed and modelled O3 mixing ratios at
selected UK AURN background sites (N ¼ 63) for the observation period (29th June to 1st
August 2015). Modelled values are shown for the simulation with halogens (“HAL”), without
halogens (“NOHAL”), and with halogens only within the European domain (“HAL-LOCAL”).
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View Article Online
Currently 
implemented
v11-02d: updated 
halogen chemistry
Sherwen et al., 2017, 
Faraday Discuss.
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It is a work in progress….
• Ongoing model evaluation / benchmarking
• Implement GEOS-Chem v11-02d
• Share model output in 2018
Ø If interested please email one of us
k.e.knowland@nasa.gov
christoph.a.keller@nasa.gov
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